An efficient room-temperature procedure was developed for Knoevenagel condensation of various aldehydes with malononitrile and ethyl cyanoacetate in the presence of triethylamine and catalytic amounts of magnesium bromide diethyl etherate.
Introduction
The synthesis of electrophilic olefins from active methylene and carbonyl compounds, known as the Knoevenagel condensation, 1 is one of the most well known reactions in organic chemistry owing to its applicability in the preparation of various synthetic targets. 2 When a mixture of benzaldehyde and malononitrile was treated under the conditions cited, TLC showed complete disappearance of the starting aldehyde in less than 1h and the 1 H-NMR spectrum showed the presence of the compound 3a as the sole product in the reaction mixture. Extraction of the reaction mixture gave 98% of the desired product (entry 1; X=CN). A control experiment confirmed the promoting effect of the catalyst. Thus, when the reaction mixture was stirred at room temperature for 24 h in the absence of MgBr 2 .OEt 2 or TEA, the formation of only small quantities of 3a was detected and most of the starting materials were recovered. Under the same conditions other aldehydes reacted in a similar manner with malononitrile producing 93-98% yields of their respective products (entries 2-6; X=CN). The generality of the method was demonstrated by subjecting mixtures of the same aldehydes and ethyl cyanoacetate to similar reaction conditions. In each case, single geometric isomers were obtained in high yields within 1-2 hours as shown in Table 1 (entries 1-6; X=CO 2 Et). Finally, the applicability of this procedure for Knoevenagel condensation of aliphatic aldehydes was examined. As a result, 3m (3n) could be conveniently obtained when isobutyraldehyde was treated with malononitrile (ethyl cyanoacetate) under similar conditions (entry 7).
Conclusions
In conclusion, efficient condensation of malononitrile and ethyl cyanoacetate with various aldehydes was achieved in short time periods by using MgBr 2 .OEt 2 as a catalyst under very mild conditions at room temperature. The use of an inexpensive medium, the rapid completion of reactions, and the high yields of products are all advantages of the present method.
Experimental Section
General Procedures. All reported yields are based on isolated compounds. Melting points were determined with a Buchi melting point apparatus and are corrected. TLC separations were carried out on silica gel plates with UV indicator from Aldrich; visualization was by UV fluorescence or by staining with iodine vapor. IR spectra were recorded on a FT-IR Bruker Vector 22 infrared spectrophotometer using KBr disks. NMR spectra were recorded on FT-NMR Bruker Ultra Shield TM (500 MHz) or Bruker AC 80 MHz as CDCl 3 solutions with TMS as internal reference. GC-MS were obtained on a Fisons 8000 Trio instrument at an ionization potential of 70 eV. Elemental analyses were performed using a Thermo Finnigan Flash EA 1112 instrument. Aldehydes were purified prior to use. General procedure. To a mixture of 2.50 mmole of malononitrile (or ethyl cyanoacetate), 2.50 mmole TEA, and 0.50 mmole MgBr 2 .OEt 2 in THF (5 mL), was added 2.50 mmole of the aldehyde, and the mixture was stirred at room temperature for 1-2 h (TLC; <10 min) until complete disappearance of the aldehyde. The mixture was diluted with 20 mL ether, and the organic phases was washed with H 2 O and filtered through a short Na 2 SO 4 column. The solvent was removed under reduced pressure and the product was recrystallized using hexane. The 1 H-NMR, 13 C-NMR, IR, and mass spectra of the products were obtained. The structure and the geometry of the new products were determined by comparison of their spectroscopic properties with those available in the literature for known products. 1 H NMR (CDCl 3 , δ, 500
MHz): 7. 30-7.33 (m, 1H), 7.85-7.86 (m, 1H), 7.92-7.94 (m, 2H) ppm; 13 C NMR (CDCl 3 , δ, 125 MHz): 78.6, 113.4, 114.3, 129.5, 135.8, 137.4, 138.7, 151.6 
